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THE TOBACCO THRIPS
Its Seasonal History and Status As a Cotton Pest
L. D. Newsom, J. S. RoussEL and C. E. Smith
INTRODUCTION
Thrips have been recognized as pests of seedling cotton in the
United States for more than twenty years. The amount of damage caused
by these insects has been highly controversial. Most of the studies
published on the effect of thrips infestation on yield have been based on
comparisons of severely injured plants with adjacent uninjured plants.
These studies have not taken into consideration the factor of competition
between injured and uninjured plants and, therefore, are of questionable
value. Development of new insecticides which are highly effective for con-
trol of thrips has made possible comparisons between treated and un-
treated plots, thereby eliminating competition as a factor.
Previous studies of the thrips problem on cotton generally have
dealt with the effect on yield and maturity without regard to the effect on
vegetative growth. The trend toward mechanization of cotton produc-
tion, with increasing use of post-emergent herbicides and flame cultiva-
tion for weed control and use of mechanical pickers for harvesting the
crop, has made desirable the early uniform growth of seedling plants.
Review of published information revealed a need for more informa-
tion on the importance of thrips as pests of cotton. The studies reported
here were designed to furnish information on the following points:
1. Effect of injury on vegetative growth, maturity, and yield;
2. Species of thrips responsible for injury;
3. Seasonal history for information to form the basis for timing in-
secticide applications;
4. Host plants which allow for the build-up of populations;
5. Possibility of resistance to thrips injury among the more com-
monly planted commercial varieties.
Review of Literature
Wardle and Simpson (1927) made a study of Thrips tabaci Lind.
under greenhouse conditions in England. They reported that hairy
American and Indian varieties of cotton were more heavily attacked
than the smoother leaved Egyptian varieties. Eddy and Clarke (1930)
first called attention to thrips as pests of cotton in the United States by
pointing out that infestation by the onion thrips, Thrips tabaci Lind.,
caused seedling cotton plants to grow slowly and assume a malformed
condition. Eddy and Livingstone (1931) reported on the tobacco thrips,
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Frankliyiiella fiisca (Hinds) , as a pest o£ seedling cotton in South Caro-
lina. Their experiments led them to conclude that F. fusca malforms
seedling plants and retards growth. They reported grasses, cotton, and
onions as being the principal hosts in the vicinity o£ Clemson College,
with tobacco a major host in tobacco growing sections.- Their studies
indicated that this species overwintered as an adult female in and
around roots, or at the base o£ host plants such as crabgrass, broomsedge,
and Bermuda grass under conditions o£ severe weather; in places with
mild winters they were found to overwinter on oats, evening primrose,
and other unspecified green plants. They found no evidence that the
males were able to hibernate successfully.
Gaines (1934) reported on a preliminary study of thrips on seedling
cotton made in the vicinity of College Station, Texas, and stated that
thrips were usually present on seedling cotton in fairly large numbers
every year and apparently caused considerable injury. He reported the
most common species to be Frankliniella tritici (Fitch) and Sericothrips
variablis (Beach) , with F. fusca present in small numbers. The effect
of thrips injury was studied by tagging injured plants the first of May for
observation later in the season. These plants were characterized later
by the occurrence of two or more main branches and sometimes by ex-
cessive vegetative branching. When such injured plants were compared
with normal plants occurring consecutively down a row in which 35 per
cent were classified as injured and 65 per cent as uninjured, the injured
plants produced 56 per cent less bolls and set bolls at least two weeks
later than the normal plants.
Watts (1936) reported F. tritici as probably being the most destruc-
tive of 11 species occurring on cotton in South Carolina, with damage
being serious in certain areas at irregular intervals. F. fusca was consid-
ered to be of less importance. He reported thrips injury to be negligible
after the cotton had reached the age of about six weeks, with injury
never observed after the beginning of squaring. Watts (1937) studied the
effect of thrips injury on yield by comparing plants injured so severely
that the terminal bud was killed, resulting in growth of two or more
main stems instead of one, with the nearest adjacent plants showing lit-
tle or no injury. Using this basis of comparison he concluded that 56 per
cent of the plants in a five-and-one-half acre field would have produced
approximately 40 per cent more cotton in the absence of thrips injury.
Dunnam and Clark (1937) , using a method similar to those reported
by Gaines (1934) and Watts (1937) , studied the effect of thrips in-
festation on 40 varieties of cotton at Stoneville, Mississippi. They found
that there was a reduction of 13.38 per cent in yield of seed cotton
and that boll set was delayed 10 days to two weeks on the injured plants.
No difference in varietal susceptibility was observed.
Watts (1937) listed 13 species of thrips occurring on cotton in
South Carolina. Of these he considered the following four responsible for
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appreciable injury to cotton at irregular intervals: F. tritici, F. jusca,
T. tabaci, and S. variabilis. He considered F. tritici to be the most im-
portant with F. fusca second in importance as a pest of cotton.
Sharp and Eddy (1938) reported that F. fusca was responsible for
most of the thrips injury to cotton in Louisiana,
Bailey (1938) listed F. occidentalis (Perg.) and F. moultoni (Hood)
as being responsible for injury to seedling cotton in California causing
ragging, crinkling, and cupping of the leaves with temporary stunting
from which the plants rapidly recovered after the onset of hot weather.
Fletcher and Gaines (1939) reported the results of a survey of thrips
injury in 12 bottom land and two upland fields at College Station, Texas.
They concluded that yield was reduced by an estimated average of 107
pounds of seed cotton per acre with a delay of 10 days to two weeks in
boll production.
Smith (1942) reported that injury to seedling cotton by F. occidenta-
lis was responsible for the production of 15-25 per cent bushy plants in
the San Joaquin Valley of California. Such plants were said to bloom
about two weeks later but could eventually produce as many bolls as
comparable uninjured plants. Bolls produced on bushy plants were
lighter, smaller, later, and occurred more frequently as four-lock bolls.
Fletcher et al. (1947) first reported results of experimental work in
which thrips were controlled by use of DDT and BHC, allowing com-
parisons between plots treated for thrips control and those untreated. In
tests conducted at College Station and Terrell, F. tritici was the most
abundant species at both locations. In three tests conducted in 1946 ap-
plications of a 5 per cent DDT-sulphur mixture resulted in an average
of 47.6 per cent control compared to the untreated check but failed to
reduce the percentage of "thrips-injured" plants or to increase yields.
The authors suggested the probability that factors other than thrips
were responsible for the "so-called 'thrips-injured' plants." Gaines et al.
(1948) reported two additional experiments conducted near College
Station, Texas, during 1947 in one of which the percentage of "thrips-
injured" plants was reduced but yield was not increased, and in the
other neither jDercentage of "thrips-injured" plants nor yield was af-
fected. Again the probability of other factors being responsible for in-
jury attributed to thrips was suggested.
Biology of the tobacco thrips has been in\estigated by Edd\ and
Livingstone (1931), Watts (1936), and Burns (1951). These studies
show that development from egg to adidt requires aboiu two weeks under
laboratory conditions, that brachypterous and macropterous forms of
both sexes occur, and that females are produced from fertilized eggs
while only males are produced from unfertilized eggs. Different forms of
both sexes are shown in Figure 1.
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Figure 1.—Different forms of the tobacco thrips. A. Macropterous female; B. ma-
cropterous male; C. brachypterous female; D. brachypterous male.
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SEASONAL HISTORY
Host Plants
Beginning in March, 1949, and continuing through 1952 a study was
made in Louisiana to determine the host plants responsible for the
early spring build-up of large populations of the tobacco thrips. Plants
considered to be possible hosts were swept with a sweeping net 12 inches
in diameter. Usually 25 sweeps were made at each location. All ma-
terial swept into the'net was transferred to pint-sized ice cream cartons
for transportation to the laboratory. In the laboratory the material col-
lected in the sweepings was emptied on a sheet of white paper and the
thrips collected by means of an aspirator. They were then transferred to
vials containing 70 per cent alcohol, labeled with collection data, and
examined when convenient under a binocular microscope. Where hosts
were not adaptable for sweeping, e.g., seedling corn and cowpeas, the
plants were collected by hand and handled in the same manner as
sweepings collected by use of the net. Collections were made from various
host plants over the entire state.
Results—The tobacco thrips was found capable of reproducing and
establishing heavy populations on a wide range of important crop plants.
Among the more important were the clovers and alfalfa. Large popula-
tions were found to develop during late winter and early spring months
on white clover, bur clover, crimson clover, Persian clover, hop cloAer,
and alfalfa. During late spring when the clovers began to mature, ma-
cropterous forms were found to transfer to other hosts such as oats,
seedling corn, and cowpeas.
Important summer host plants were found to be alfalfa and les-
pedeza. Collections were also made from soybean, cowpea, Sorghum hale-
pense, Leptochloa filiformis, and Brachiaria extensa. An improved strain
of white clover capable of producing some growth through the summer
months at Baton Rouge was found to serve as a year-round host. Adults
were collected each month of the year on this strain of clover and larvae
were found in every month except November. Data from host plant
studies are summarized in Tables 1, 2, and 3.
TABLE 1. Average number of adult and larval tobacco thrips per 25 sweeps of
the most important winter and early spring hosts for the period 1949-1952
Month White clover Alfalfa Crimson clover Bur clover Oats
January 88.4 233.5 26.0
February 149.4 223.5 44.0
March 103.8 78.0 36.4 126.5 8.7
April 89.2 62.5 25.6 78.6 24.6
May 48.6 171.0 6.0 156.7
June 62.9 41.7
July
August 42.5
September
October 7.0
November
December
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TABLE 2. Average number of adult and larval tobacco thrips per 25 sweeps of other
host plants
Host Number Collected Host Number Collected
Medicago arabica 22.0 Lathyrus hirsutum 7.0
Vicia villosa 3.0 Brachiaria extensa 26.0
Ladino clover 21.0 Lespedeza striata 46.0
Trifolium pratense 2.5 Seedling corn* 41.0
Trifolium procumbens 34.0 Seedling cowpea* 22.0
Medicago lupulina 117.0 Seedling watermelon* 323.0
Trifolium resupinatum 64.0 Seedling cantaloupe* 114.0
* Counts based on the number of adults and larvae threshed from 25 plant samples.
TABLE 3. Seasonal development of different forms of the tobacco thrips on white
clover at Baton Rouge, Louisiana, during the period September, 1950, to
August, 1951
Number per 25 sweeps
Month Adults Larvae
Macropterous Brachypterous
September 18.0 3.5 2.0
October 3.8 5.5 3.0
November 0.7 5.7 0.0
December 0.2 15.4 1.6
January 0.0 34.5 15.8
February 0.5 86.2 13.8
March 63.0 203.0 69.8
April 63.0 178.2 26.5
May 30.0 21.2 3.2
June 72.8 41.5 0.5
July 61.4 72.4 4.2
August* 8.0 22.0 0.0
*Application of 10 per cent DDT made to clover planting August 6, 1951.
TABLE 4. Development of macropterous tobacco thrips at Baton Rouge, Louisiana
Number per 25 sweeps
Month White clover Bur clover
Macropterous Brachypterous Percentage Macropterous Brachypterous Percentage
Macropterous Macropterous
1949
March 10.5 55.2 16 33.0 43.0 43
April 9.5 3.5 73 7.0 1.0 88
May 4.0 0.0 100 2.0 0.0 100
1952
January 3.0 362.0 1 3.0 273.0 1
February 5.0 259.0 2 17.0 198.0 8
March 22.0 243.0 16 16.0 36.0 30
April 239.0 97.0 70 119.0 8.0 92
May 5.0 0.0 100 89.0 5.0 95
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During the course of studies of host plants it was observed that prac-
tically all of the adult thrips collected during January and a high per-
centage of those collected in February were of the brachypterous form.
Beginning in March the proportion of macropterous forms began to in-
crease sharply and the ratio between the two forms gradually reversed.
Table 4 presents data showing this development on white clover and bur
clover at Baton Rouge during the years 1949 and 1952.
Dispersion
Dispersion of the tobacco thrips was studied at Baton Rouge during
the period 1949-1952. In general these studies were made by trapping the
flying insects on surfaces coated with tree tanglefoot. In 1949 the
tanglefoot traps consisted of 3 by 5 filing cards coated on one side with a
thin layer of tanglefoot and attached to a hardware cloth screen con-
structed so as to present a vertical trapping surface exposed to each ma-
jor point of the compass. A total of 36 cards was used with 9 facing
in each direction. These traps were placed at elevations of 3, 4, and 5
feet above the soil. Of these, three were located at each elevation for
each cardinal direction. Traps were operated during the period March
8 to May 8. Only female thrips were recorded in 1949.
A series of tanglefoot traps were in continuous operation at Baton
Rouge from April 22, 1950, until December 31, 1952. These traps con-
sisted of aluminum alloy plates five and one-half by eight inches bolted
to wooden stakes for support. The effective trapping surface consisted of
an area five by six inches. Ten of these traps were arranged so that the
trapping surface was at an angle of approximately 45 degrees to the soil
surface. The trapping stirface was exposed toward the south. Traps
were located in a cotton field planted to a cover crop of hairy vetch during
the winter months. The height of the traps from the soil was adjusted
periodically to keep the trapping surfaces just above the tops of the
growing cotton plants. Old tanglefoot was scraped off and fresh material
applied at weekly intervals.
Traps were examined daily, thrips removed with a scalpel or knife
blade, placed on a sheet of rided paper numbered to correspond to the
trap number, brought into the laboratory, and examined under a bino-
cular microscope. Both male and female thrips were recorded. Trapping
records summarized by months are given in Table 5.
During a period of spring and summer of 1950 and 1951, six traps
were operated in the same manner in a cotton field near Curtis, Louisi-
ana. Six additional traps were operated at Homer, Louisiana, dining
1951. These traps were examined at approximately weekly inter\als.
The results are recorded in Table 6.
Development on Cotton
Detailed studies of development of the tobacco thrips on seedling
cotton in the field were made during 1950 and 1951. Twenty plants from
each of five locations in each field where studies were made ^\'ere pulled
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TABLE. 5. Dispersion of the tobacco thrips at Baton Rouge, Louisiana, 1949-1952
Month Number of adult tobacco thrips trapped per
day per square foot of trap
1949 1950 1951 1952
January
February
March
April
May
June
July
August
September
October
November
December
0.92
1.13
0.97 11.32
1.20
0.48
0.17
0.17
0.22
0.11
0.02
0.00
0.09
1.90
7.11
8.37
8.22
2.09
0.43
0.08
0.06
0.10
0.19
0.60
0.17
0.76
2.09
4.36
3.10
0.65
0.08
0.00
0.05
0.02
0.02
TABLE 6. Dispersion of the tobacco thrips in cotton fields
Month Number of adult tobacco thrips trapped per
day per square foot of trap
Curtis, Louisiana Curtis, Louisiana Homer, Louisiana
1950 1951 1951
April 19.0 8.5
May 24.7 46.5 15.2
June 3.2 30.6 0.7
July 3.7 5.0 0.3
August 0.5
September 0.3
from the soil and threshed over a "thrips-catcher." This "thrips-catcher"
was a modification of that described by McGregor (1941) and consisted
of a box 3 X 5i/4 X 6 inches in size covered with 16-mesh wire screen. A
slit cut in one end of the box allowed for the insertion of an aluminum
alloy plate coated with tanglefoot. The trapping surfaces of these plates
were marked with lines spaced one-half inch apart for convenience of
examination under the binocular microscope. Both adults and larvae
were easily dislodged from the plants in this manner and collected on
the tanglefoot coated plates.
Collections were begun soon after plants had emerged to a stand and
were continued at intervals of approximately one week for four to eight
weeks. The numbers of adult F. fusca, F. tritici, and larval thrips were
recorded. Typical examples of development on cotton during the years
1950 and 1951 are given in Table 7 and depicted graphically in Figure 2.
DISCUSSION
As can be seen from an examination of Tables 1, 2, and 3, the tobacco
thrips may develop large populations on a number of different plants
during the late winter and early spring months. Among the more im-
portant of these hosts, both from the standpoint of suitability for thrips
development and acreage grown, are white clover, Trifolium repens L.,
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TABLE 7. Typical examples of development of the tobacco thrips on seedling cotton
during 1950 and 1951
Date examined Number per 100 plants
F. fusca F. tritici Larvae
Benton, Louisiana, 1950. Cotton planted April 12
April 25 24 3 0
May 5 69 1 79
May 12 91 1 279
May 18 98 3 2094
May 23 160 1 70?
June 7 94 I 401
June 13 74 7 101
June 22 48 ' 8 26
Benton, Louisiana, 1951. Cotton planted April 24
May 10 5 0 0
May 18 29 0 227
May 24 95 5 437
May 31 186 1 334
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crinisou clover, T. uu ariiatinn L., alfalla, Medicago satkia L., bur clover,
M. hisliida Gaerin., and oats, Avena sntix'a L. With the exception of
alialta these hosts usually have matured or are beginning to mature dur-
ing the period when cotton is in the seedling stage and susceptible to
injury by the tobacco thrips. Maturity of its late winter and early spring
hosts forces the insect to move from these plants and to seek a more de-
sirable host. Seedling cotton is an ideal host at this time of year.
It is possible that the trend toward increased livestock production
during the last decade with its consequent emphasis on improvement of
pastines and growing of more feed crops by increased planting of the
crops mentioned above may residt in greater populations of the to'bacco
thrips. Not enough information is available to evaluate the effect of this
change in cropping practices upon tobacco thrips popidations. The grow-
ing of more winter and early spring crops which are suitable hosts for this
species may result in more serious damage to seedling cotton than is
the case at present.
Austrian winter pea, Pisum arveji.se Poir., common vetch, Vicia sali-
va L., hairy vetch, V. villosa Roth, and sour clover, Melilotiis indica (L.) ,
commonly grown as winter cover crops in the cotton growing areas of
Louisiana were found to be of no importance as hosts of the tobacco
thrips. Occasionally a few adults were found on these plants but larvae
were never taken from them.
Important summer hosts among cultivated crops were alfalfa and
lespedeza, Lespedeza striata (Thumb.) H 8c A. These crops like the clov-
ers are being grown more extensively in connection with increased feed
production in Louisiana. They contribute toward maintaining relatively
high populations of the tobacco thrips during a time of year which is
adverse for its development. Alfalfa is the only crop plant observed to
furnish a satisfactory food supply for the development of tobacco thrips
throughout the year. However, an improved strain of white clover being
grown at Baton Rouge produced enough growth to allow for continuous
thrips development during the period September, 1950, to August, 1951.
Data presented in Table 3 show that larvae were present on this crop
each month of the year except November.
A careful study to determine the wild host plants of the tobacco
thrips was not made. However, Brachiaria extensa Chase, a grass often
found growing in and adjacent to cotton fields, was observed to be an
important summer host. Johnson grass, Sorghum halepense (L.) , and
red sprangletop, Leptochloa filiformis (Lam.) , were other hosts found in
or near cotton fields.
Data in Tables I and 2 show that the tobacco thrips may develop
on a wide range of host plants which grow at different seasons of the
year.
As previously stated the tobacco thrips was found to breed con-
tinuously throughout the year in Louisiana. These findings do not agree
with those reported by Eddy and Livingstone (1931), who found that
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this species apparently passed the winter as the aduk female at Clemson,
South Carolina. In these studies it was found that the brachypterous
form of the tobacco thrips was active throughout the winter months in
Louisiana and developed heavy populations on various hosts. Beginning
in March there was a gradual change to the macropterous form, and by
May most of the adults were long-winged.
The factors responsible for this change in wing form are not under-
stood. Eddy and Livingstone (1931) did not consider seasonal variations
responsible for this phenomenon.
Tables 3 and 4 show a gradual change from the brachypterous to the
macropterous form as the season progresses. These data show conclusively
that the factors responsible for the change in wing form are seasonal in
nature. They strongly suggest that changes in photoperiod or tempera-
ture, or both, may be directly responsible in their effect on the insect
or indirectly responsible in their effect on the host plant.
As expected, dispersion of the tobacco thrips reached a peak during
the spring months which coincided with the time at which the highest
proportion of the population was macropterous. Data in Table 6 show
that there was some dispersion of tobacco thrips throughout the year at
Baton Rouge. Dispersion studies reported for 1949 are not comparable
to those for the following years. Data for 1949 were obtained from an
equal number of traps placed to face toward the four cardinal points of
the compass. The majority of the thrips taken during this year were
from traps facing toward the south. Comparatively few thrips were
taken on the traps facing toward the other directions. In succeeding
years all traps were set up to expose the trapping surface toward the
south. Since the prevailing winds are from the soiuh it seems probable
that this is the major factor affecting the direction of flight.
Dispersion studies in northwest Louisiana during 1950 and 1951
gave results similar to those at Baton Rouge. As at Baton Rouge, dis-
persion reached its peak during May and tremendous numbers of tobacco
thrips were moving into cotton at a time when it was most susceptible
to attack. For example, at Curtis, Louisiana, in 1951 the tobacco thrips
was trapped at the rate of more than two million per acre per day
throughout the month of May.
Studies of development on cotton showed that seedling cotton is
usually attacked by the adult tobacco thrips as soon as it breaks through
the soil, and one or two generations develop during the following month
to six weeks before the insects leave the cotton. Maximum populations
usually develop approximately one month after the seedling plants have
emerged from the soil. Injury is most noticeable at this time.
Although the flower thrips, F. tritici, is the species which has most
often been reported as being responsible for damage to seedling cotton in
the South (Gaines, 1934; Watts, 1936) , it was of no importance in
Louisiana during the period covered by these studies. This is in agree-
ment with the report by Sharp and Eddy (1938) which stated that the
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tobacco thrip.s was responsible for most o£ the thrips injury in Louisi-
ana. Data in Table 5 show that only three per cent of the total adult
population taken from cotton was F. tritici. This species often develops
heavy populations in the flowers of cotton. The onion thrips, Thrips
tahaci, made up such a small percentage of the total population on cotton
that it was not considered of sufficient importance to justify inclusion
in this study. Therefore it is considered that the tobacco thrips, F. jusca,
is the species responsible for thrips damage to seedling cotton in Lou-
isiana.
EFFECT ON GROWTH AND YIELD
Injury to seedling cotton by the tobacco thrips is caused by the
feeding of both adults and larvae. The adults attack the plants as soon
as they emerge from the soil. They feed and deposit eggs in the cotyle-
dons and leaves. Heavy feeding on the cotyledons results in their taking
on a silvery appearance. The larvae attack cotyledons, leaves, and buds.
Destruction of leaf tissue in the bud stage results in ragged, crinkled
leaves. Since both larvae and adults feed inside the bud and there-
fore on its upper surface, injured leaves curl upward instead of down-
ward as is the case with aphid injury.
Where the infestation is severe, buds may be killed outright. Plants
injured in this manner often look as though they had been scorched by
fire. When the terminal bud is killed, apical dominance is lost, new
buds develop, and the plant becomes excessively branched and distorted
Figure 3.—Seedling cotton plants showing severe injury by the tobacco thrips.
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in appearance. Examples of thrips injury are shown in Figure 3. Com-
parisons between treated and untreated plants are given in Figure 4.
The tobacco thrips usually leaves cotton after the plants are four
to six weeks old and recovery is rapid.
The effects of thrips injury to cotton in the seedling stage upon sub-
sequent vegetative growth and yield were studied in small and large
plot tests at several locations during the years 1949, 1950, and 1951.
At the same time the possibility of differences in susceptibility of the more
commonly grown varieties was investigated.
Small Plot Tests
The following five varieties of upland cotton were studied in small
plot tests during each of these years: Deltapine 15, Coker 100 Wilt, Stone-
ville 2 B, Delfos 9169, and Empire. Louisiana 33 was included in the
tests during 1949 but was replaced by Fox in 1950 and 1951. Practically
the entire acreage in Louisiana is planted to these varieties, with Delta-
pine 15 comprising about 85 per cent of the total acreage.
During this three-year period, tests were conducted at St. Joseph,
Calhoun, Homer, and Shreveport. These locations gave a wide variety
of soil types as well as other ecological differences.
The small plot tests were set up in a split-plot randomized block
design with sub-unit treatments applied in strips across the blocks as
described by Cochran and Cox (1950) to provide higher efficiency for
study of interactions. Plots were usually 100 feet long and consisted of
one variety planted in a single row. Each experiment consisted of six
varieties usually replicated 10 times. Thrips were controlled on one-half
of each plot while the remaining half served as an untreated check.
Uniform treatments for the control of other pests later in the season were
made to the entire experiment. Insecticides used for thrips control
were applied as sprays in order to decrease the possibility of drift from
treated to untreated plots. Sprays were formulated from emulsifiable con-
centrates or wettable powders. The first application of insecticide was
made as soon as the plants had emerged to a stand. Subsequent applica-
tions were made at intervals of approximately one week for a total of two
or three applications. A spray formulated from a 50 per cent DDT wet-
table powder concentrate applied at the rate of 0.25 pound per acre was
used in 1949. A spray prepared from emulsifiable concentrates of toxa-
phene applied at the rate of one pound per acre was used in 1950 and
1951. All applications were made with a small, compressed air sprayer.
Thrips populations were sampled in 1949 by selecting 10 plants at
random from each plot. The plants were placed in a paper bag for trans-
portation to the laboratory, where they were threshed through a coarse
wire screen on a black-topped table. Thrips dislodged from the plants in
this manner were separated into larval and adult forms for counting and
recording. For the experiments conducted in 1950 and 1951 the same
technique was used as that described in the section on thrips development
on cotton.
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JbK.URE 4.—Comparison between plants injured by tobacco thrips (top photo) and
uninjured plants (bottom photo) .
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The criterion used to evaluate the effect of thrips injury on vegeta-
tive growth was height measurement of the main stem. Two measure-
ments were made during the growing period. Each measurement was
made on 25 consecutive plants in each plot beginning at a point selected
at random. The first was made about six to eight weeks after emergence
of the plants and the second when the plants had reached maturity.
Height was taken from the soil line to the tip of the terminal bud and
recorded to the nearest quarter inch. Degree of injury to the leaves was
rated in the 1949 tests by visual inspection of 25 consecutive plants in
each plot beginning at a point selected at random.
Plants were placed in one of the following classes according to the
severity of injury:
0—no injury
1—injury to one true leaf
2—injury to two true leaves
3—injury to three true leaves
4—injury to four true leaves
5—injury to five true leaves
6—injury severe enough to cause abortion of the terminal bud
Injury indices were calculated according to the following formula:
Summarization of class numbers
— X 100
Number of plants x number of injury classes
The effect on yield was measured by picking all of each subplot.
An effort was made to take the first picking as soon as one-quarter to one-
third of the total crop had opened. This was not always possible and in
some cases all the cotton was allowed to open before a picking was made.
Results—Thrips populations were not determined in all tests. Treat-
ments gave excellent control of the tobacco thrips. In tests where popu-
lations were determined, treated plants averaged less than 0.2 thrips per
plant as compared to 13.9 for the untreated plants. Infestations during
1949 were heavier than in 1951. Counts presented do not necessarily
represent the heaviest populations present in the tests during the season.
In some cases counts were made either before or after peak populations
had been reached. Severity of infestation varied between locations and
Ironi one year to the next at each location.
1 he five varieties planted each of the three )ears were all attacked
with equal severity as indicated by population counts. Apparently the
insect had no preference for any of these varieties. Counts are sum-
marized in Tables 8, 9, and 10.
Growth measured by height of main stem at the date of first meas-
urement was consistently depressed at all locations and during all years
as a result of infestation by the tobacco thrips. Statistical analysis showed
this difference to be highly significant. This effect was outgrown in all
cases and when the second measurement was made differences in height
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iTABLE 8. Population counts. Average number of adult and larval thrips per plant.
Homer, Louisiana, 1949 and 1951
Variety Treated Untreated
Empire 0.3 8.5
Deltapine 15 0.3 8.0
Coker 100 Wilt 0.4 8.7
Stoneville 2 B 0.3 12.4
Delfos 9169 0.3 8.2
Fox* 0.6 4.0
Louisiana 33** O.I 16.8
*Fox counted only during 1951.
**Loiutiana 33 counted only during 1949.
TABLE 9. Population counts. Average number of adult and larval thrips per plant.
Calhoun, Louisiana, 1949
Variety Treated Untreated
Empire Ol 22^9
Deltapine 15 0.1 17.0
Coker 100 Wilt O.i 21.8
Stoneville 2 B 0.1 24.7
Delfos 9169 0.1 22.8
Louisiana 33 0.1 . 22.8
T ABLE 10. Thrips counts. Average number of adult and larval thrips per plant.
St. Joseph, Louisiana, 1949 and 1951
Variety Treated Untreated
Empire 0^2 TOS
Deltapine 15 0.1 12.9
Coker 100 Wilt 0.1 11.3
Stoneville 2 B 0.2 10.2
Delfos 9169 0.2 9.5
Fox* 0.2 2.5
Louisiana 33** 0.1 22.2
*Fox included in test in 1951.
**Louisiana 33 included in test in 1949.
TABLE 11. Height of main stem of cotton infested during the seedling stage Ijy the
tobacco thrips compared to that of plants treated for thrips control.
Average for three seasons. Homer, Louisiana, 1949, 1950, and 1951
Variety Measurement Height in inches Growth of main stem
Treated Untreated Difference between first and second-
measurements
Treated Untreated
Empire F irst 7.3 5.9 1.4
Second 28.3 27.5 0.8 21.0 21.6
Deltapine 15 First 6.6 5.1 1.5
Second 29.4 27.9 1.5 22.8 22.8
Coker 100 Wilt First 7.4 6.0 1.4
Second 28.1 27.3 0.8 20.7 21.3
Stoneville 2 B First 7.3 6.0 1.3
Second 28.0 27.1 0.9 20.7 21.1
Delfos 9169 First 7.0 5.5 1.5
Second 29.2 28.3 0.9 22.2 23.0
Fox* First 6.8 5.6 1.2
Second 28.6 27.5 1.1 21.8 21.9
Louisiana 33** First 7.1 5.4 1.7
Second 26.6 29.2 +2.6 19.5 23.8
*Fox included in tests during 1950 and 1951.
**Louisiana 33 included in test during 1949.
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were no longer significant. Growth of main stem during the period be-
tween the first and second height measurements was practically identical.
All varieties reacted in the same manner at all locations for all years.
Data summarizing studies of the effect of tobacco thrips infestation on
growth of the main stem of cotton are given in Tables 11, 12, 13, and 14.
TABLE 12. Height of main stem of cotton infested during the seedling stage by the
tobacco thrips compared to that of plants treated for thrips control.
Average for two seasons. Calhoun, Louisiana, 1949, 1951
Growth of main stein
Variety Measurement Height in inches between first and second
Treated Untreated Difference measurements
Treated Untreated
Empire l-irst 7.3 6.4 0.9
Second 25.9 25.7 0.2 18.6 19.3
Deltapine 15 First 6.5 5.2 1.3
Second 27.0 25.5 1.5 20.5 20.3
Coker 100 Wilt First 7.9 6.3 1.6
Second 27.1 26.9 0.2 19.2 20.6
Stoneville 2 B First 8.2 6.7 1.5
Second 27.0 26.7 0.3 18.8 20.0
Delfos 9169 First 6.9 5.7 1.2
Second 27.2 26.1 1.1 20.3 20.8
Fox* First 6.0 5.3 0.7
Second 22.4 23.0 + 0.6 16.4 17.7
Louisiana 33** First 9.0 7.3 1.7
Second 31.0 29.7 1.3 22.0 22.4
*Fox included in test during 1951.
**Louisiana 83 included in test during 1949.
TABLE 13. Height of main stem of cotton infested during the seedling stage by the
tobacco thrips compared to that of plants treated for thrips control.
Average for two seasons. Curtis, Louisiana, 1950, 1951
Growth of maiU stem
Variety Measurement Height in inches between first and second
Treated Untreated Difference measurements
Treated Untreated
Empire !< irst 7.8 6.7 1.1
Second 39.0 37.9 1.1 31.2 31.2
Deltapine 15 First 6.7 5.8 0.9
Second 32.0 31.6 0.4 25.3 25.8
Coker 100 Wilt First 8.1 6.7 1.4
Second 27.4 36.8 0.6 29.3 30.1
Stoneville 2 B First 8.4 7.8 0.6
Second 36.2 35.3 0.9 27.8 27.4
Delfos 9169 First 7.5 6.3 1.2
Second 36.4 36.0 0.4 28.9 29.7
Fox First 7.8 6.4 1.4
Second 35.2 33.1 2.1 27.4 26.7
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TABLE 14. Height of main stem of cotton infested during the seedling stage by the
tobacco thrips compared to that of plants treated for thrips control.
Average for two seasons. St. Joseph, Louisiana, 1949, 1951
Variety Measurement Height in inches
Treated Untreated Difference
Empire First 9.1 8.3 0.8
Deltapine 15 First 8.4 7.6 0.8
Coker 100 Wilt First 8.6 8.0 0.6
Stoneville 2 B First 9.4 8.7 0.7
Delfos 9169 First 9.4 8.5 0.9
Fox* First 7.6 6.1 1.5
Louisiana 33** First 11.7 11.
1
0.6
*Fox included in test during 1951.
**Louisiana 33 included in test during 1949.
The effect of thrips infestation on growth of cotton as measured by
severity of damage to leaves was studied at three locations during 1949.
Injury indices computed showed that Empire was consistently less severely
affected than the other varieties which were all damaged to the same de-
gree at Homer and St. Joseph. At Calhoun, Empire was again less
severely damaged than any of the other varieties. At this location Delta-
pine 15 was more severely damaged than any other variety included in the
test. Data are summarized in Table 15.
TABLE 15. Varietal response of six varieties of upland cotton to thrips injury. Ex-
pressed as injury indices
Variety Location Average of all
Homer Calhoun St. Joseph locations
Empire 39.5 29.9 47.1 38.8
Deltapine 15 57.0 48.9 58.0 54.6
Coker 100 Wilt 54.0 37.5 58.7 50.1
Stoneville 2 B 5L9 40.0 61.1 V 51.0
Delfos 9169 49.7 37.2 57.5 48.1
Louisiana 33 52.3 36.9 61.1 50.1
L.D. 0.05 9.52 6.44 8.19
Generally control of the tobacco thrips on seedling cotton resulted
in earlier maturity for a portion of the crop. This was reflected in a
slightly higher percentage of the total crop being harvested at the first
picking. At Homer, treated cotton produced an average of about five
per cent more of the total crop at first picking than untreated. Although
highly significant, this difference is of little practical importance. All of
the five varieties included in the three tests reacted in the same manner.
Total yield was not affected by control of the tobacco thrips on seedling
cotton. Data summarizing results of tests at Homer are given in Table 16.
At Curtis in 1950 control of the tobacco thrips on seedling cotton
failed to affect maturity as measured by percentage of total crop harvested
at the date of first picking. The 1951 test was picked only once, so effect
of infestation on maturity was not observed in that test. Averages of the
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TABLE 16. Effect of infestation by the tobacco thrips on yield. Average of tests at
Homer, Louisiana, 1949, 1950, 1951
Variety Picking Yield in pounds seed cotton per acre L.D. 0.05
Treated T Tn f ff^ri trf^rl T^i ff*=»irf*nXVILLCI Clll^C
Empire First 864 808 56
Total 1325 1 376 +51
Deitapine 15 First 604 519 85
Total 1174 1076 98
Coker 100 Wilt First 730 687 43
Total 1185 1203 + 18
Stoneville 2 B First 739 705 34
Total 1234 1275 +41
Delfos 9169 First 638 599 39
Total 1158 1217 +59
Average for five
varieties listed above First 715 664 51 27.5
Total 1215 1229 + 14
Fox* First 771 756 15
Total 1038 1015 23
Louisiana 33** First 523 458 65
Total 1674 1693 + 19
*Fox included in tests in 1950 and 1951.
**Louisiana 33 included in test in 1949.
total yields obtained in both tests showed that thrips control did not pro-
duce any significant effects on yield. All ol the six varieties included in
these tests reacted in the same manner. Data obtained in the two tests are
summarized in Table 17.
TABLE 17. Effect of infestation by the tobacco thrips on yield. A\erage of tesis at
Curtis, Louisiana, 1950, 1951
Variety Picking Yield in pounds of seed cotton
per acre
Treated Untreated Difference
Empire First* 1062 918 144
Total** 1705 1569 136
Deitapine 15 First* 1028 1074 +46
Total** 1487 1476 11
Coker 100 Wilt First* 1092 928 164
Total** 1601 1536 65
StoneviUc 2 B First* 1104 1012 92
Total** 1706 1564 142
Delfos 9169 First* 1058 826 232
Total** 1626 1641 +15
Fox First* 1374 1380 + 6
Total** 1813 1683 130
*For 1950 test only.
**Average of both 1950 and 1951 tests.
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The effect of thrips infestation on maturity was not studied in the
tests conducted at St. Joseph during 1949 and 1951. The total crop was
harvested in one picking. Thrips control failed to influence yield at thi«
location. Data are summarized in Table 18.
TABLE 18. Effect of infestation by the tobacco thrips on yield. Average of tests at St.
Joseph, Louisiana. 1949, 1951
Variety Picking* Yield in pounds of seed cotton
per acre
Treated Untreated Difference
Empire Total 2334 2316 18
Deltapine 15 Total 2423 2413 10
Coker 100 Wilt Total 2509 2428 81
Stoneville 2 B Total 2522 2561 +39
Delfos 9169 Total 2691 2659 32
Fox** Total 2864 2948 +84
Louisiana 33*** Total 1855 1875 +20
*Only one picking made each year.
**Fox planted in test in 1951 only.
***Louisiana 33 planted in test in 1949 only.
In two tests conducted at Calhoun control of the tobacco thrips re-
sulted in significant increases in the amount of cotton harvested at first
picking and in total yield. Treated plots yielded about 18 per cent more
at first picking. Total yield was increased by 20 per cent. All varieties
reacted in the same manner to thrips injury at this location. Data are
presented in Table 19.
I ABLE 19. EHect of infestation by the tobacco thrips on yield. Average of tests at Cal-
houn, Louisiana, 1949, 1951
Variety Picking Yield in pounds of seed cotton L.D. 0.05
per acre
7 reated Untreated Difference
Empire First 1200 1018 182
Total 1560 1403 157
Deltapine 15 First 877 731 146
Total 1207 977 230
Coker 100 Wilt First 1158 973 185
Total 1483 1354 129
Stoneville 2 B First 1158 1019 139
Total 1542 1432 110
Delfos 9169 First 1089 904 185
Total 1516 1313 203
Average for five
varieties listed above First 1096 929 167 121
Total 1562 1296 266 158
Fox* First 526 561 +35
Total 1040 1029 11
Louisiana 33** F'irst 1438 1231 207
Total 1734 1538 196
*Fox included in test in 1951.
**Louisiana 33 included in test in 1949.
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Large Plot Test
A large-scale test was set up at St. Joseph, Louisiana, in 1951 to study
the effect of thrips infestation on yield and rate of maturity. Since pests
other than thrips, especially boll weevil and the cotton fleahopper, may
also affect early fruiting of cotton it was necessary to design a schedule of
treatments which would allow for the separation of the effects of these
pests from those caused by thrips.
Four schedules of insecticide applications were made to replicated
plots of Deltapine 15 cotton planted May 11. Plots were 32 rows wide,
of sufficient length to comprise about one acre each, and were arranged in
four randomized blocks. Applications for control of thrips and over-
wintered boll weevils were made with a four-row, tractor-drawn sprayer.
Subsequent applications were made by airplane.
One series of plots designated 1 ER was treated for control of thrips,
overwintered boil weevils, and late season boll weevils; the second series
designated TR was treated for control of tluips and late season Ijoll wee-
vils; the tfiird series designated ER was treated for control of o\er-
wintered boll weevils and late season boll weevils; and the fourth series
designated R was treated for late season boll weevil control only. Plots
designated TER and TR received three applications of toxaphene at
weekly intervals at the rate of one pound per acre beginning Mny 21;
those designated TER and El^ received three applications of toxaphene
at weekly intervals at the rate of two pounds per acre beginning June
18; all plots received six applications of toxaphene at five-day intervals
at the rate of three pounds per acre beginning July 27.
Height of main stem was measured six weeks after the plants had
emerged to a stand. Daily blossom counts were made beginning Julv 2
and continuing through August 20. Yield data were ol)tained b\ mak-
ing seven pickings between August 21 and October 8. All records were
taken on 25-foot sections of the four center ro^vs of each plot.
Results—Thrips infestation counts were not made in this test. Ho^\-
ever, an infestation developed which was se\ere enough to cause a re-
duction of 20 per cent in height of untreated planis measured six weeks
after emergence. The average height in inches of planis in the various
series of treatments was as follows:" TER-22.0; TR-20.3: ER-18.5; and
R-17.1.
Blossoming began during the first week in ]u\\ and plots treated
for tfrrips control produced significanth' more blossoms dining the first
three weeks than the untreated plots. After the third Aveek the rate ol
blossoming in treated and untreated plots tended to equalize. Din ing the
period July to August 20, plots ^\ hich had not been tre?.tcd for thrips
control exceeded the treated plots in total number of blossoms pro-
duced. Blossom counts grouped by 10-day periods are gi\ en in 1 af:>le 20.
The first picking was made August 21, (()ni|)rising about 13 per cent
of the total yield of plots treated for thrips control compared to about 6
per cent of the total yield of the untreated plots. This difference in the
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TABLE '20. Effect of thrips infestation on fruiting of the cotton plant as measured by
rate of blossoming. St. Joseph, Louisiana, 1951
Period
Cumulative number of blossoms produced per 100 feet of row
TER TR ER R L.D. 0 05
7/2-7/10 63 54 45 27 22.3
7/11-7/20 571 518 470 393 87.0
7/21-7/30 1318 1256 1191 1066
7/31-8/10 2063 2134 2258 2242
8/11-8/20 2146 2249 2568 2576 298
amount of total crop harvested was significant. There were no differences
in the amount of total crop harvested on subsequent dates until the
last two pickings when the plots which were not treated for thrips control
produced significantly more than those where thrips were controlled.
Cumulative percentages and yield in pounds of seed cotton per acre are
given in Tables 21 and 22, respectively.
TABLE 21. EflEect of thrips infestation on maturity. St. Joseph, Louisiana, 1951
Cumulative percentage of total yield
Dates picked TER TR ER R
8/21 17 13 7 5
9/4 52 42 36 33
9/11 78 73 63 58
9/18 88 84 80 77
9/24 95 92 90 88
10/2 , 99 99 98 98
10/8
" 100 100 100 100
Yield in pounds
^
seed cotton per acre 2293 2437 2715 2816
TABLE 22. Effect of thrips infestation on maturity. St. Joseph, Louisiana, 1951
Cumulative yield in pounds of seed cotton per acre
Dates picked
8/21
9/4
9/11
9/18
9/24
10/2
10/8
TER TR ER R L.D. 0.05
340 317 190 141 116
1192 1024 977 929
1789 1779 1710 1633
2018 2047 2172 2168
^
2178 2242 2444 2478
2270 2412 2661 2750 316
2293 2437 2715 2816 321
Net Assimilation Rate Study
Since tests conducted in 1949 and 1950 showed that cotton plants in-
jured by thrips usually recovered rapidly, made as much growth, and
yielded as much as uninjured plants, it was thought desirable to mea-
sure the rate of growth and photosynthetic efficiency throughout the grow-
ing season in order to determine how much time was required for in-
jured plants to recover.
British investigators studying the effect of various environmental
factors on plant growth have used net assimilation rate as a tool (Black-
man and Rutter, 1948; Watson, 1947). According to Blackman and
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Rutter (1948) net assimilation rate may be defined as the amount of dry
matter synthesized per unit area ot leaf surface per unit of time. Values
were determined according to the formula:
- W, (loge A2 - log, Ai)
(A2 - Ai) (t, - t,)
where Wo and are the final and initial weights,
t2 and ti are the times of sampling, and
A2 and Aj are the leaf areas.
In 1951 a large-scale test was set up to determine the effect of infesta-
tion by the tobacco thrips on cotton as measured by net assimilation rate.
The test consisted of paired plots 12 rows wide and of sufficient length to
comprise about one and one-fifth acres each. One plot of each pair was
treated for thrips control and the other was initreated. The test was
replicated five times.
Deltapine 15 cotton was planted April 24 and emerged to a good
stand by May 4. Treatments for thrips control consisted of one pound
of toxaphene applied with a six-row, tractor-drawn sprayer at the rate of
one gallon of spray mixture per acre. Applications of the insecticide
were made May 5, May 12, and May 20. Other pests which developed later
in the season were controlled by a schedule of insecticide applications ap-
plied by airplane to the entire test.
Thrips populations were determined by counting all thrips on 20
plants per plot by the "thrips-catcher" method previously described.
Counts were made May 10, 18, 24, and 31. Twenty plants per plot were se-
lected at random on the following dates for study of growth and develop-
ment: June 1, 14, 28, July 12, 26, and August 16. Height of stem, leaf area,
dry weight, number of squares, number of bolls, and number of open
bolls were recorded.
Height of stem was measured in inches from the cotyledonar\ node to
the terminal bud; leaf area was determined by making blueprints of all
leaves and measuring their areas with a planimeter according to the
method described by Kreusler (1877) and adapted for use on cotton as
described by Crowther (1934) ; dry weight was determined by cutting
the plants at the cotyledonary node and air-drying them in an unheated
greenhouse for a period of three months; squares, bolls, and open bolls
were recorded for each plant at each sampling date; yields were obtained
by picking all of the two center rows of each plot; leaf area measure-
ments and dry weight determinations were used in computing net assimi-
lation rates according to the formula given above.
Results—Adult tobacco thrips appeared on the seedling plants as
soon as they emerged, and by May 18 larvae were active on the plants. A
moderate infestation persisted on the untreated plants throughoiu the
month of May. The three applications of toxaphene gaA e excellent con-
trol. Population counts are given in Table 23.
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TABLE 23. Comparison of thrips populations on treated and untreated plots. Ben-
ton, Louisiana, 1951
Total number per 100 plant Average number
Date Examined Frankliniella fusca Frankliniella tritici adults and larvae.
a es females Larvae Males Females both species.
per plant
5/10 Treated 0 0 0 0 0 0.00*
Untreated 0 5 0 0 0 0.05
0 / 1 o Treated 0 1 1 0 0 0.02*
Untreated 0 29 227 0 0 2.56
5/24 Treated 0 16 4 0 6 0.26*
Untreated 11 84 437 0 5 5.37
5/31 Treated 4 62 7 0 1 0.74*
Untreated 10 174 334 0 1 5.19
*Significant at 0.01 level.
Infestation resulted in a reduction in height of stem of about 23 per
cent when the first measurements were made five weeks after planting.
This reduction in height was gradually overcome by the untreated plants
and by August 16 the difference was no longer significant. During the
period June 1 to August 16 stems of infested and uninfested plants grew
at the same rate and made the same amount of growth. Uniformity in
height of infested plants was considerably less than that of the uninfested
plants as expressed by the coefficient of variation. Results of height
measurements are given in Table 24.
TABLE 24. Effect ol thrips infestation on growth as measured by height of stem.
Benton, Louisiana, 1951
Date Average height in Coefficient Average height Coefficient Per cent
Measured inches of treated of variation in inches of of variation reduction
plants untreated plants in height
6/] 4.15 20.2 3.20 29.3 22.9**
6/14 9.12 17.8 7.18 25.2 21.3**
6/28 19.70 15.0 16.10 19.7 18.3**
7/12 29.83 16.6 25.72 16.4 13.8**
7/26 33.58 17.5 32.26 14.6 3.9*
8/16 35.64 17.7 34.26 20.2 3.9
Growth stem
6/1 to 8/16 31.49 31.06
*Significant at 0.05 level.
Significant at 0.01 level.
Leaf area of untreated plants was reduced 59 per cent compared to
that of treated plants June 1. As in height of stem, this difference steadily
declined and by July 26 untreated plants had slightly more leaf area
than those treated. The effects of thrips injury on leaf area are illustrated
in Figure 5. Results are summarized in Table 25.
The effect of infestation by the tobacco thrips on dry weight of plant
followed about the same trend as that on leaf area. Untreated plants
weighed 35 per cent less than treated plants June 1 but were 8 per cent
heavier August 16. Results of air-dry weight determinations are sum-
marized in Table 26.
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Figure 5.—Leaf area of ten plants treated for thrips control (above) and ten
plants not treated (below) .
TABLE 25. Effect of thrips infestation on growth as measured by leaf area and num-
ber of leaves. Benton, Louisiana, 1951
Leaf area in square inches and number of leaves
per plant
Date measured Treated Untreated
Per cent
reduction
Leaf area No. of
leaves
Leaf area No. of
leaves
Leaf area No. of
leaves
6/1
6/14
6/28
7/12
7/26
8/16
17.1
77.9
199.8
487.6
610.7
375.6
5.4
13.5
26.3
42.4
53.6
36.2
7.0
51.6
130.4
373.8
629.7
378.4
4.7
12.1
20.2
33.2
56.7
41.0
59*
34*
35*
23
+ 3
^Significant at 0.01 level.
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TABLE 26, Effect of thrips infestation on growth as measured by air-dry weight of
plant. Benton, Louisiana, 1951
Date Measured
Air-dry weight per plant
Treated
in grams
Untreated Per cent reduction
6/1 0.84** 0.55 35
6/14 ^;.88** 2.64 32
6/28 19.38* 13.17 32
7/12 46.46* 38.20 18
7/26 142.04 149.20 + 5
8/16 81.96 88.63 + 8
*Significant at 0.05 level.
**Sigiii£icant at 0.01 level.
Fruiting, measured by counts o£ squares and bolls produced, showed
an initial reduction resulting from infestation. However, as in the case of
growth of stem and leaf area, infested plants outgrew the damage and by
August 16 had produced more squares and bolls than the treated plants.
Results are given in Table 27.
TABLE 27. The effect of thrips infestation on fruiting of the cotton plant as mea-
sured by production of squares and bolls
Average number produced per plant
Squares Bolls
Date Treated Untreated Per cent Treated Untreated Per cent
counted reduction reduction
6/1 0 0 0 0
6/14 1.3 1.0 23 0 0
6/28 7.8 6.6 15 0.05 0.01 80
7/12 18.2 17.0 7 2.69 2.53 6
7/26 13.5 12.3 9 8.10 8.22 + 1
8/16 1.8 2.5 +28 7.89 8.95 +12
The effect of infestation on maturity in this test was negligible as
shown by a count of open bolls made August 16 and the first picking
made August 30 when about one-third of the total crop was picked.
There were no significant differences in number of open bolls, yield at
first picking, or final yield. Results are given in Table 28.
TABLE 28. Effect of thrips infestation on rate of maturity and yield. Benton, Louisi-
ana, 1951
Number bolls per plant Yield in pounds of seed cotton
per acre
Date Treated Untreated Treated Untreated
8/16 0.7 0.7
8/30 427 447
9/20 1049 1016
Total U76 1463
The net assimilation rate for untreated plants was significantly
higher than for treated plants during the period June 1 to June 14.
From June 15 to July 12 the net assimilation rate for untreated plants
averaged slightly higher than that for the treated plants, but the differ-
ence was not significant. Results are given in Table 29.
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TABLE 29. Effect of thrips infestation on growth of cotton as measured by net as-
similation rate
Period
Grams ary matter produced per square inch of leaf area
Treated Untreated
6/1-6/14 0.0383 0.0471*
6/15-6/28 0.0613 0.0623
6/29-7/12 0.0423 0.0561
Average during period 6/1-7/12 0.0473 0.0582*
*Significant at 0.05 level.
DISCUSSION OF RESULTS
Comparatively low rates o£ application of insecticides ga\e excellent
control of the tobacco thrips on seedling cotton. For example, toxaphene
at the rate of one pound per acre applied at intervals of one week for a
total of two or three applications gave highly effective control. Cost of
insecticide for controlling this pest may be considered negligible when
compared to the total cost of a cotton insect control program.
One of the most important features of tobacco thrips control brought
out by these studies was the necessity for making the first application as
soon as cotton has emerged to a stand. Data in Figure 3 show the
fallacy of waiting until the so-called four-leaf stage, as recommended
in some areas, to make applications for thrips control when the species in-
volved is the tobacco thrips. In cases of heavy infestations in Louisiana
plants are unable to produce four leaves before severe damage has been
produced. The fact that plants are attacked while so young and that
applications of insecticides must be made immediately in order to pre-
vent damage creates problems of practical importance. First, insecticides
must be applied on a so-called "automatic schedule" without taking popu-
lations into consideration. This means that applications are often wasted
since destructive populations do not always develop. In some years
populations are prevented from reaching injurious levels through the
detrimental effect of heavy rainfall. Secondly, there is some evidence, al-
though not conclusive, that applications of insecticides for thrips control
may have a destructive effect on predatory and parasitic insects resulting
in the build-up of other injurious pests . For example, there has been a
high correlation between the development of tobacco budworm and
spider mite infestations and the use of early applications of insecticides.
All varieties included in this study seemed to be equally attractive
to the tobacco thrips. Population counts did not differ on the various
varieties.
Growth as expressed in height increase of the stem during the first
six wrecks after emergence was consistently and significantly reduced
about 20 per cent as a result of infestation. This difference amounted to
slightly more than an average of one inch per plant. Treated plants
were not only a little more than one inch taller than untreated plants six
weeks after emergence but were much more uniform in height. This
slight difference in height is probably of little importance. However, the
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greater uniformity in height of treated plants may be of considerable
.
value in cultivation practices. This is especially true where flame culti-
vation and post-emergent herbicides are used for weed control.
Frequently thrips injury to the terminal bud of seedling cotton re-
sults in its death and apical dominance of the stem is lost. As a result of
this loss of apical dominance the plant may become excessively branched.
Ballard (1951) states that such branches are often broken by implements,
and plants excessively branched as a result of thrips injury may interfere
with efficient operation of mechanical pickers. He offers no data in sup-
port of these statements.
Growth of the main stem from the time the plants were about six
weeks old until they reached maturity was the same for untreated
plants as for those on which thrips were controlled. All varieties studied
reacted alike and there was never any significant difference between the
height of treated and untreated plants at the end of the season.
Thrips injury caused a reduction in leaf area of all varieties during
the first six weeks of growth. The difference in leaf area resulted from
a reduction both in number and in size of leaves. In the 1949 tests when
injury to the leaves was rated by visual inspection and expressed as an
injury index, the variety Empire was significantly less affected than any
of the other five varieties. This was true at all three locations where tests
were conducted. At Calhoun, Deltapine 15 was affected more severely than
any of the other varieties but this was not true at the other two locations.
These results are in general agreement with those reported by Ballard
(1951) , who placed Empire in a group less severely damaged and Delta-
pine 15 in the severely damaged group of a number of varieties he studied
for thrips resistance. His studies indicated that Coker 100 Wilt was
of the same order of resistance as Empire, which was not the case in this
study where it was significantly less resistant. Unfortunately his data do
not indicate the species of thrips involved nor the degree of infestation
existing in his tests.
Plant injury expressed as injury indices seemed to have little rela-
tion to subsequent development of the plant, and use of this method of
rating injury was discontinued in subsequent tests. There seems to be lit-
tle, if any, practical resistance to the tobacco thrips among the varieties
studied.
Results from small plot tests at the two hill locations showed that
thrips injury affected maturity to the extent that treated plots of Delta-
pine 15 produced an average of about 10 per cent more of the total
crop at the date of first picking than untreated plots. On alluvial soil
at Curtis, thrips injury had no effect on maturity of Deltapine 15 during
the two years maturity was studied.
It is commonly recognized that early maturity of the cotton crop is
desirable. This is especially the case where cotton is harvested mechani-
cally. The effect on maturity as demonstrated in these tests, even at the
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hill locations where mechanical harvesting is not practiced, is of doubt-
ful value.
Total yield was not affected by thrips injury except at the Calhoun
station, ^vhere significant increases were obtained for all varieties. The
average increase for all varieties resulting from thrips control during
the two years the test was conducted there amounted to 266 pounds of
seed cotton per acre. The yield of Deltapine 15 was increased by 230
pounds per acre. All varieties reacted in the same manner at this loca-
tion. Most of the increase in yield occurred during 1949. In 1951 the
average increase in yield resulting from thrips control at Calhoun
amounted to about 8 per cent; the average increase for both years
amounted to about 20 per cent.
Total yield was not significantly afi:ected by thrips injury at the other
three locations.
The majority of studies reporting on the effect of thrips injury on
yield of cotton are open to serious criticism because the factor of plant
competition has been disregarded. Most of the tests dealing with the
effect of thrips infestation on yield have used the technique of comparing
plants severely damaged by thrips injury with nearby plants which
showed little or no effect of thrips infestation. For example, Watts (1937)
compared severely injured plants with the closest plant having little
or no injury. He did not take into consideration the fact that competi-
tion of the damaged plant with the uninjured plant for sunlight, water,
and plant nutrients may have had more effect on yield than injury re-
sulting from thrips infestation. The ability of cotton to compensate
for various spacings in stands has been demonstrated by many investiga-
tors. Brown (1923) showed that little difference in yield results within
wide spacing limits and Ware (1929) showed equal yields from stands
ranging between 15,000 and 75,000 plants per acre. Pope (1947) con-
cluded on the basis of 27 tests conducted during a 4-year period that
skips in stands occurring on interior rows of multiple-row plots are
largely compensated for by increased production on end plants in the
row containing the skip and by lateral compensation on the adjacent
rows. Plants which are stunted as a result of thrips injury are not able to
compete on an equal basis with adjacent uninjured plants and there-
fore are unable to compensate for early stunting when yields are com-
pared on an individual plant basis.
Gaines (1934) reported that thrips-injured plants, compared conse-
cutively down the row with uninjured plants, produced 56 per cent
less bolls, which were set at least two weeks later; Gaines and Fletcher
(1939) , again comparing injured and uninjured plants taken consecu-
tively down a row, concluded that thrips injury was responsible for an
estimated average decrease of 107 pounds of seed cotton per acre, with
a delay of 10 days to 2 weeks in production of bolls by the injured plants.
Where plots treated for thrips control were compared with untreated
plots, Gaines et al. (1948) failed to obtain increases in yield from thrips
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control and suggested that other factors were responsible for this so-called
thrips injury. In a study of dusting schedules on cotton yields, Gaines et
al. (1948, a) obtained slight reductions in yield on plots which received
dust treatments for thrips control at the time cotton w^as in the four- to
eight-leaf stage and stated, "If cotton is forced to set fruit early, this
tends to retard vegetative growth and apparently reduces the yield."
Gaines et al. (1952) stated, "Planters have realized as indicated by their
continued use of insecticides for thrips control that it is important to pre-
vent damage from this pest."
As was the case in the small plot tests, thrips conrol in large-scale
plots resulted in more vigorous vegetative growth during the first six
weeks as measured by height of stem. The effect of infestation was ex-
tended into the first three weeks of fruiting, as was made evident by a
significant reduction in number of blossoms produced during this period.
However, plants in plots not treated for thrips control produced as many
blossoms by the end of the fifth week of fruiting and produced signifi-
cantly more blossoms by the end of the blossoming period. The effect on
fruiting was reflected in maturity when 10 per cent more of the total
crop was picked at the date of first picking in plots which were treated for
thrips control. This diff^erence was significant and amounted to 160
pounds of seed cotton per acre. Since only 15 per cent of the crop in
plots treated for thrips control was mature at this time, the difference is
of little practical value. Little harvesting is done when such a small
percentage of the total crop is open, even with hand labor. It would be of
no value where mechanical harvesters are employed. When about half
of the total crop was open in plots treated for thrips control, there was
no significant difference in the amount of cotton harvested from treated
or untreated plots. By the end of the season, plots which were not treated
had outyielded plots treated for thrips control by approximately one-
quarter bale per acre. Obviously this difference in amount of cotton
produced would outweigh benefits from the slightly earlier maturity of
plants in treated plots.
When net assimilation rate was studied, infestation by the tobacco
thrips was severe enough to cause 23 per cent reduction in height of
stem, 59 per cent reduction in leaf area, and 35 per cent reduction in
dry weight when measured five weeks after planting. As in other tests
the infested plants gradually outgrew this injury and produced as much
growth as uninfested plants.
Although the reduction in height of stem at five weeks after plant-
ing was 23 per cent, this actually amounted to a difference of only one
inch between treated and untreated plants. Such a slight difference in
height if the plants were all uniform is of doubtful value from the stand-
point of cultivation. Height of untreated plants was much less uniform
than was the case with treated plants. Data in Table 24 show that vari-
ability in height as expressed by the coefficient of variation was 20.2 for
treated plants as compared to 29.3 for the untreated. This lack of uni-
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formity in height has an adverse effect on the efficiency of cuhivation
practices. This is particularly true when applications of post-emergent
herbicides and flame cultivation are used in the weed control program.
Differences in dry weight on a per plant basis were equalized dur-
ing the period July 12-26. Effects of thrips infestation on growth as
measured by dry weight showed the same trend as for height. By the last
sampling date untreated plants had produced 8 per cent more dry matter
than treated plants.
It would seem that scarred and distorted leaves of plants injured by
thrips would be less efficient in synthesizing dry matter. When the effici-
ency of injured plants was compared to that of uninjured plants by
measuring the net assimilation rate, it was found that the latter actually
produced more dry matter per unit area of leaf surface. Injured plants
were significantly more efficient when compared on this basis lor the
period June 1 to July 12. As Watson (1947) pointed out in his study of
the effects of nutrient supply on net assimilation rate and leaf area, the
effect on leaf area was much more important from the standpoint of dry
matter produced than was net assimilation rate. For example, injured
plants were 23 per cent more efficient than uninjured plants on the basis
of dry matter synthesized per unit area of leaf during the period Jmie 1-
14, but the uninjured plants had 59 per cent more leaf area June 1 and
34 per cent more June 14. Therefore uninjured plants, although less
efficient, were able to produce substantially more dry matter during
this period than the injured plants.
Treated plants became senescent sooner than untreated plants. At
the July 26 sampling date treated plants averaged 610.7 square inches of
leaf area per plant compared to 629.7 square inches for untreated plants.
The effects of thrips infestation on fruiting as measured by produc-
tion of squares and bolls showed the same trends as for vegetative
growth. Maturity, as measured by the number of open bolls counted
August 16, yield at the date of first harvest when about one- third of the
total crop of bolls was open, and total yield, was not affected.
Thrips control on seedling cotton results in such striking improve-
ment in appearance of plants during the first month to six weeks
of growth that it is difficult to understand how comparable untreated
plants can yield as well as or better than treated plants. The depressing
effect of fruit set on subsequent vegetative growth of plants is a well-
known phenomenon. Brown (1938) states, "Cotton growers often notice
that when their plants become well loaded with fruit, vegetative growth is
checked or even stopped almost altogether and that this stoppage of
growth may occur when the plant is too small to bear many bolls." Eaton
(1931) found that defloration of Acala upland and Pima Egyptian
varieties for the first 25 days of blooming resulted in increased yields.
Thrips control allows relatively small plants to set fruit from the
first forms produced provided overwintered boll weevils and fleahoppers
are also controlled. Setting such fruit is an advantage from the stand-
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point of early maturity, but it has some disadvantages in addition to the
possible depression of subse([uent vegetative growth. Where mechanical
pickers are used such bolls are often so low on the plant that they are
missed. Bolls set low on the plant often rot, especially in years of high
rainfall during harvest. These bolls frequently become stained and dis-
colored from rain-splashed soil particles and when harvested have an
adverse effect on grade. Such adverse effects resulting from setting early
fruit tend to offset any advantages gained by earlier maturity.
SUMMARY
The tobacco thrips is the only thrips of any importance as a pest of
seedling cotton in Louisiana. It is active throughout the year and de-
velops heavy populations during the winter and early spring months on
such crops as white clover, bur clover, crimson clover, and alfalfa. Oc-
casionally large populations develop on oats, especially in the spring after
some of the leguminous crops have become unattractive as a source of
food and breeding material. Such crops as winter peas, common and hairy
vetch, and sour clover which are commonly used as winter cover crops for
cotton fields are of no importance in developing large populations of this
species.
As the winter and early spring hosts mature the tobacco thrips is
forced to seek a more desirable host. Dispersal activities are greatest at
this time and reach a peak during May. Seedling cotton which becomes
available at this time furnishes an ideal host. The seedling plants are
attacked by the adults as soon as they emerge from the soil. The thrips
feed and breed on cotton for the first month to six weeks of growth and
then move to other hosts. Important summer hosts are alfalfa, lespedeza,
and such wild grasses as Leptochloa ^filijormis, Brachiaria extensa, and
Sorghum halepense.
The lowest point in the cycle of activity of this species occurs in the
late summer and early fall months. As the clovers resume growth with the
cool wet weather of late fall and early winter the activity of the insect
accelerates.
Feeding of the adults and larval forms destroys leaf tissue in the bud
stage and results in ragged, crinkled leaves. Severe infestations destroy
leaf buds outright and the plants become excessively branched and dis-
torted. Such injury may reduce the leaf area by 50 per cent or more when
the plants are six weeks old. Height of injured plants at this age is usual-
ly reduced about 20 per cent and such plants are much less uniform
in growth than comparable uninjured plants. Effects of such injury
on vegetative growth is usually outgrown.
The effect of injury on vegetative growth is reflected in a slight
delay in fruiting. Uninjured plants usually begin blossoming a few
days sooner than injured plants. Injury also causes a slight delay in ma-
turity of a small part of the crop. Yield was not affected at three of the
four locations where these tests were conducted. At one hill location
34
characterized by light, droughty soils, thrips injury caused a 20 per cent
reduction in yield during the two years tests were conducted there.
Six varieties which are grown commercially in Louisiana reacted in a
similar manner to thrips injury. All varieties were infested at the same
levels. Visual inspection of plants for severity of injury during the seed-
ling stage usually indicated that Deltapine 15 was more severely damaged
and Empire less severely damaged than the other varieties. However,
there was no difference in subsequent growth or yield.
Plants injured by thrips were more efficient in growth as measured
by net assimilation rate studies, producing significantly more dry matter
per unit area of leaf surface than comparable uninjured plants. This
greater eificiency of the injured plants during the first 10 weeks of growth
was overshadowed by the much greater amount of leaf area of uninjured
plants.
Effective control of the tobacco thrips at low cost per acre was dem-
onstrated with toxaphene and DDT applied as low-gallonage spray con-
centrates. Various other insecticides were equally effective. Correct timing
of insecticide applications was found to be of prime importance in con-
trolling this pest and preventing damage to the seedling plants. Two or
three applications at one-week intervals, with the first made as soon as the
plants had emerged to a stand, were found to be necessary for satisfactory
control.
Results of these studies demonstrate that the only advantage to be
gained from control of the tobacco thrips on seedling cotton is that of
more uniform vigorous growth during the first month to six weeks.
Effect of thrips injury on maturity is negligible, and untreated cotton
often outyields treated cotton. Although not conclusively proved, there is
strong evidence that applications of insecticides for thrips control have an
adverse effect on populations of predaceous insects and result in sub-
sequent heavy infestations of such pests as the cotton aphid, spider
mites, and tobacco budworm.
Control of the tobacco thrips as a general practice in Louisiana is
not recommended.
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